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section 4 


CD V-700-6B 


s AA A 


Ranges: 0-0.5, 0-5, 0-50 mr/hr 
Sensing Element: Geiger Tube 


Accuracy: +15% of true dose rate from 
cobalt 60 or cesium 137 
gamma radiation 


Batteries: Four 1-1/2 volt NEDA 13 


Dimensions: approx. 9" long x 4-1/2" 
wide x 7" high including 
handle 


Weight: approx. 5 lbs. including 
batteries 


Electro-Neutronics, Inc. 
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GENERAL DESCRIPTION 


The Electro-Neutronics CD V-700 model 6B is a portable geiger counter 
instrument designed for the detection of low levels of beta and gamma radi- 
ation. The geiger tube is mounted in a probe on the end of a thirty-six inch 
cable. The entire instrument and its accessories include a circuit box, a 
probe, a headphone, and a carrying strap. A radioactive sample is mounted 


on the side of the case for checking the operation of the instrument. 


Sensing Indicators and Control 


A meter with a scale reading in milliroentgens per hour (mR/hr) is used 
for visual indication and a headphone is used for aural monitoring. The meter 
is ruggedized and sealed in a plastic case to meet the instrument requirements 
for water-tightness, shock and vibration resistance. 

The meter is controlled by the range selector switch labeled "OFF, X100, 
X10, and X1". The range switch changes only the meter ranges. It does not 


affect the number of ''clicks" in the headphone. 


Readings 


Table 4-1 lists switch positions and the corresponding meter readings. 


Figure 4-1 shows the meter face. Readings should not be taken with the 
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pointer indicating in the lower 10% of the scale. Turn to the next most sensi- 


tive range until the pointer indicates in the upper 90% of the scale. 


X1 0-300 
X10 0-3000 


X100 0-30, 000 


Table 4-1. Switch Positions vs Meter Readings 


mr/hr 
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Figure 4-1. Meter Face 
Initial Check 


With the batteries installed, turn the range switch to the X10 position. 
Close the beta window of the probe. After thirty seconds the circuit should be 
stabilized and the meter should read zero in the absence of radiation. 

Open the beta window on the probe and place the open window on the center 
of the OPERATIONAL CHECK SOURCE on the side of the instrument. The 


meter reading should average between 1.5 and 2.5 mR/hr. 
Background Count 


Normal background radioactivity is about 0.01 to 0.02 mR/hr or about 20 
counts per minute. Counts are randomly spaced and several seconds may 
elapse before any activity registers on either the meter or the headphone. 
Accurate measurements of background and other low level radiation can be 


made by counting the headphone "clicks" against a watch that has a second 
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hand. Note the number of counts occurring in a time period of 5 minutes. 
Divide the number of counts by 5 and the background count is expressed in 
terms of counts per minute. More accurate measurements may be made by 


extending the time period. 


Batteries 


The CD V-700-6B is powered by four 1-1/2 volt "D" size flashlight 
batteries. The batteries will operate the instrument continuously for over 100 
hours and intermittently for over 175 hours. Refer to Appendix A for accept- 


able types and makes of batteries. 
Installation 


Open the instrument by lifting the pull catch at each end of the case and 
separating the two halves to expose the battery holders and the retaining clips. 
Remove the clips by squeezing the ends and lifting. Insert fresh batteries 
according to the polarity marked on the inside of the battery boxes. (See 
figure 4-2) The battery box will not accept the batteries with the polarity 
reversed. In an emergency, two batteries can be used instead of four. 
Battery life is cut in half under these conditions. When using two batteries, 
install one on each end of the battery compartment. Install the battery clips 
and close the case by aligning the two halves and closing the pull catch 


closures. 
Replacement 


If the instrument fails to operate, check the batteries before attempting 
to make any repairs or adjustments. A battery tester may be used or the 
batteries may be checked under load with a voltmeter while installed in the 
instrument. It is recommended that all the batteries be replaced at one time 


to avoid exceeding the shelf life of any one cell. 
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Figure 4-2. Battery Installation 


Electronic Circuitry 
High Voltage Supply 


The high voltage supply consists of a blocking oscillator circuit in which 
pulses are generated by a transistor, V4, alternately cut-off and saturated. 


The transformer windings between the base and collector are so phased that 
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when the collector current starts to flow, the voltage at the base goes in the 
negative direction. As the base becomes negative, the collector current 
increases still further causing the base to become more negative. The col- 
lector current increases until the transistor saturates, at which point the 
collector cannot supply the current demanded by the signal at the base. At this 
point, since there is no rate of change of current in the transformer, there is 
no signal induced in the base winding. Therefore, the emitter current de- 
creases, decreasing the collector current. The signal then induced at the base 
of the transistor is such as to make this action cumulative until the transistor 
cuts off. The collector current stops abruptly, causing a large rate of change 
of current in the transformer. This makes the base go negative, which in 

turn starts the collector current flowing and the cycle repeats. 

The step-up ratio between the collector winding and the secondary winding 
produces a high voltage pulse, which is then rectified by the selenium recti- 
fier, CR5. 

The DC output voltage developed across capacitor C8 is regulated in the 
primary section of the transformer where the zener diode CR6 limits the 
amplitude of the input pulse. This regulates the high voltage at approximately 
the proper level for operation of the geiger tube. 


Pulse Shaping and Metering Circuit 


The pulse shaping and metering circuit is basically two transistors, a 
rectifier and a meter. Transistors V2 and V3 form a monostable multivibra- 
tor. A negative pulse from the geiger tube is coupled to the base of V2, the 
normal cut-off transistor. This pulse causes V2 to conduct, and a positive 
pulse is developed on its collector. The positive pulse is coupled to the base 
of V3 through the timing capacitor and cuts off transistor V3. The resulting 
negative pulse on the collector of V3 is coupled to the base of V2 via choke L1. 
This condition with V2 conducting and V3 cut off will continue for a period 
determined by resistor R8 and the timing capacitor selected by the range 
switch. The voltage pulse at the collector of V2 is rectified by silicon recti- 
fier CR3 and fed to the meter, M, through current limiting resistors R3 or 
R6. The voltage pulses at the meter are integrated by capacitor C1. The 


average voltage indicated on the meter is proportional to the frequency of the 
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input pulses. Resistor R4 calibrates the instrument by shunting some of the 


current around the meter. 
Audio Circuit 


Aural monitoring is achieved by a transistorized pulse amplifier and a 
headphone. Each pulse counted by the pulse shaping circuit develops a nega- 
tive pulse at the collector of V2. The pulse is shaped and isolated from the 
headphone by diodes CR1 and CR2, capacitor C2 and resistor R1. When the 
headphone is connected at the jack a pulse of approximately 11 volts is 


developed across the headphone, resulting in a clear, audible click. 
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SERVICING 


Precautions 
High Voltage Power Supply 


The high voltage power supply of the instrument operates in excess of 900 
volts. The shock is uncomfortable rather than dangerous but should be 
avoided. The high voltage components should not be touched even when the 
instrument is turned off until the high voltage capacitor has been discharged. 
This capacitor is to be discharged by shorting point H to ground. (See figure 
4-3) Do not short the geiger tube leads since this may cause component 
damage in some models. 


Geiger Tube 


Care must be exercised not to dent the geiger tube. Dents in the tube may 
cause arcing at voltages lower than the operating voltages and the tube will be 
useless. Dropping the tube may break the seal, allowing the gas mixture to 
leak. 

Semi-conductor Components 
(Diodes and Transistors) 

The diodes and transistors used in the instrument may be damaged by pro- 

longed heating during soldering. When replacing any of these components, the 
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soldering operation should be done quickly. Hold the lead between the com- 
ponent and the joint with a heat sink to decrease the amount of heat trans- 


mitted to the component. Techniques are described in Appendix F. 


Headphone 


The white plastic cover on the headphone may break off if the headphone 
is dropped or roughly handled. Exercise caution when using the headphone. 


Electronic Circuitry 


When checking voltages, be careful not to short any of the leads on the 
printed circuit board. Often the transistors and diodes are damaged when 


subjected to these overloads. 


Disassembly Instructions 


1. Open the pull catch at each end of the case and remove the instrument 
from the case bottom. 

2. Remove the batteries from the battery box. 

3. Remove the six hex-head screws from the battery box. Remove the 
battery box noting that the + side of the battery box mates with the + 
marked on the circuit board. 

4. Remove the two nuts and washers at the meter terminals and the hex- 
head screw and lockwasher on the circuit board. 


a 


Remove the range switch knob by loosening the two set screws. Press 
on the switch shaft and the circuit board should come loose from the 
case top. The board will still be connected to the case top by the 
geiger tube lead and the headphone jack connection. These may be 


removed if repairs are necessary on these components. 


o 


Reassembly is the reverse of the above process. The ground lug 
connected to the shielded cable must be connected between the circuit 
board and the case top leg near the other geiger tube lead. The 
battery box contacts must be inserted into the holes in the circuit 
board to make a good connection. A soldering aid is helpful in aligning 
the contacts and holes. 


1985 
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Preventive Maintenance 
A NA er a 


It is recommended that preventive maintenance be carried out once a 
month when the instrument is in use and once every six months when the 
instrument is in storage. 

1. Remove the batteries, clean the battery contacts and battery terminals 
if necessary, and remove any corrosion present. Remove the battery 
box and tin the points on the circuit board where the battery clips make 
contact. File the ends of the battery clips. 

2. Replace all batteries which do not exceed minimum voltages. 

3. Perform the Initial Check as described on page 4-2. 

4. If the instrument is to be shipped or stored, remove the batteries and 
set the range switch to one of the sensing ranges. This will shunt the 
meter and minimize damage from the movement of the pointer during 


shipment or storage. 
Do not use solvents on plastic parts. Clean with soap and water. If the 
batteries have leaked, remove the case bottom and wash it with warm soapy 
water being careful not to soak off the circuit diagram or the CD decal. The 


battery spillage will be loosened in a short while and can be rinsed out. 


Repairs 
Replacing the Geiger Tube 


1. Grasp the end caps of the probe and twist in a counterclockwise 
direction to unscrew the tube housing from the socket housing. 

2. Insert the new geiger tube into the socket pressing the tube into the 
socket and against the rubber gasket. 

3. Place the tube housing over the geiger tube. 

4. Engage the threads of the tube housing and cord cap with a steady 
pressure against the shock mounting spring and screw together in a 


clockwise direction. 


Replacing the Parts Module 


The ENI-A Parts Module is mounted on a ceramic base and should be 


handled in the same manner as the ceramic-based calibration potentiometers 
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described in Appendix F. Remove the module by squeezing together the two 
clips on the ends of the module, heating the solder connections and pulling 
upward. Use an appropriate desoldering tip. 


Capacitor C2, which is mounted on the side of the module, may be replaced 
separately. Heat the solder connections on both sides of the ceramic, using care 
not to overheat the resistive elements painted on the ceramic. 


Replacing the Geiger Probe 


1. Remove the battery compartment and unsolder the probe lead from 
the circuit board. 

2. Remove the seal nut with an adjustable wrench. 

3. Untie the knot, remove the solder lug, and pull the cable through the 
hole in the case top. 

4. Prepare the new cable according to instructions in Appendix F. 

5. Twist the center conductor and shield together to allow the wire to be 
inserted through the case top. Pull on the end of the cable with pliers 
until a sufficient amount extends through the case top. 

6. Replace the seal nut and washers on the new cable and tighten the seal 
nut using moderate pressure. Excessive tightening can damage the 
cable. Tie a knot in the cable near the seal nut. 

7. Connect the cable to the circuit board and replace the battery 
compartment. The ground lead is soldered to a lug under the nearest 
case top leg. 


Replacing the Meter 


The meter terminals are connected directly to the printed circuit board. 
Use washers, spacers, and nuts to connect the new meter. Position the 


spacers so that no strain is exerted on the circuit board. 
Replacing the Switch 


1. Follow the Disassembly Instructions through step 5. 
2. Heat each switch terminal on the circuit board, one at a time, and 
press sideways on the switch shaft. This will tend to lift the terminals 


from the circuit board. Repeat this procedure several times, pushing 
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away from the solder joint each time, until the switch is free. 

3. Open the holes on the circuit board with a soldering pencil and soldering 
aid to allow the switch terminals to be inserted. 

4. Insert the new switch and solder each terminal using a minimum 
amount of heat. Be sure the switch is seated properly so that the 
shaft will fit through the hole in the case top. 


Trouble Shooting 


The information in this section is presented as an aid to the service tech- 
nician in determining the causes of specific instrument faults. The Trouble 
Shooting Guide lists the most probable causes of instrument failure together 
with suggestions for corrective action. This should be consulted and followed 
after the following preliminary steps have been taken: 

1. Disassemble the instrument through step 3 of the Disassembly 

Instructions. 

2. Check all batteries. Make sure they provide sufficient voltage for 

proper operation of the instrument. 

3. Check the printed circuit board for broken foil, cold solder joints, or 

solder bridges. 

4. Check for broken components. 

Table 4-2, Test Point Chart, and figure 4-3, Location of Test Points, 
eliminate the need for circuit tracing when making voltage and resistance 
measurements. The Test Points are referred to in the NOTES column of the 
Trouble Shooting Guide, and are also found on the schematic circuit diagram. 


4-12 


CD V-700-6B 


ENI 


Tewaou SIGBIJOA 

MO] H Je 93BJ]OA 

MO] H ye 93BIJOA 
ewou H je 938I]0A 

*0=1 “y ye o3eyJoA 


poSeuwep oq few ¿HO “ZA 


po3ewep oq u 
LAO ZA "0=H Je 93e}JoA 


H 10100 
ye a2pIIOA wey} 49 A0] 


eq smut sL "oni 
jo 93eJoA 3U1]18IS YIYO 


SY.LON 


LAO 99e1doey usdo Lu 


9%O a9ejdey 9A1J99J9P QUO 


GUO soe ]doy 9AIJOIJOP GUD 


PUO soe ]doy usado YMO 


aqoid 193193 
9761091 ao aredoy 3A1)99J9p 90010 193199 

Ajddns 

19MOd 338)]0A ysy 
speə] ssa1q | oi 3ur1oys plərus 200414 

pavog 100110 uo 

svore ayeradoadde un 
*sd1]9 Jo oioù SIA 


paeoq }1nd110 
03 1061009 100d 
Supmu sd Aaayegq 


9BBIJOA 

uäm s Juoumassu 

YM Ə]qiqeduuoo jou 
JO 3A1I99J9Pp əqn1 193191) 


9383]0A yaıy 
S,JU9SUINAJSUL 1091109 
JO əqn1 193193 99e]doy 


— Va 


Asavo 
a Tavdodd 


NOLLOV 


AJALLOYYYOD 


—> E > 


30dINM9 ONILOOHS 3184NOAL 


NOLANAS 


4-13 


CD V-700-6B 


ENI 


0=H W 93%I]0A 
MO] H Je 93BI]JOA 
MO] H‘W‘V ye a3e3Jo0A 


pesewep oq few ¿HO 
“A *MO] H Je 93BI]J0A 


q jurod ye pue 

T ud oqoad ye 19A11Pp 

-MIAOS YIM Suldde, Aq 
39949 *yeultou saseijo, 


yv- 


= — ei 


T - 
r) - 
je SIDUBISISIA YIII 


S]10US 10] EA 19940 


ZA 201061001 210190 

S)10YS 10] cO pue 

00010 gau "91009 
pue Piot 103] ZA Y29949 


FA 201061061 210100 

LL 2100900 "91009 

pue Ciao 10} FA YyooyO 
"MOT H IN“ V re 9383]0A 


SALON 


80 aoe]day 
89 aoe]day 


99 aoe]doy 


GO soe ]doy 


GO ao9e]day 


TL 


a9e]da1 ao aredoy 


CA aoe]doay 


ZA 99e]daey 


FA 29e]doy 


NOILOV 
HAAILOJUOO 


p9710ys go 


uado go 


peztoys 99 


pa110ys çO 


uado co 


9A1J99J9P TL 


9AIO9JOP CA 


9AIO9JOP ZA 


dATIO9JOP FA 


ASNVO 
d'TaVadoud 


(p,Juoo) 
peog 


23U0ydpeoH 


WOLdWAS 


(p,quoo) 
peaa 


IPN 


4-14 


CD V-700-6B 


O -d 
N-d 


ENI 


ye AyımurJuo9 yooyo 


sutjtoys Aq 389.1 


S -WN 
ye Ayınuryuo9 19914) 


Y -W 
ye Ayınuryuo9 y3oəuo 


A - T 
ye Aymurjuoa Oo? 


yayıms aredoy 
TO 298 ]doy 


TT 99e]d9y 


paeoq 31m9x119 uo 
vore ayerido1dde uty, 


eno soe doy 


9]B1QHUBIOY 


193911 
a9ejdea do aredoy 


yoyms aredoy 


+O aoe]doy 


yayms areday 


g9 soe]doy 


YouMs atedoy 


OTS uo 10961000 usado 
POMOUS TO 
uodo TT 

p18oq 3m9119 pue 


STeUIWAI} 1979W 
U99MJ9Q 1061009 A004 


usado eyo 


@SIMYN0]I.10}UNOD 
Ám} pauan3 
]O1JU09 uorreagıfed 


9A1J09J9P 1943914 


LS uo 10061000 usado 


uado +o 


LS uo 1061009 usado 


uedo g9 


VIS uo 1061009 usado 


(Ajuo TX "os 
yeomM peəq 


(Aquo 00TX) 
Neo peod 


4-15 


CD V-700-6B 


ENI 


SJAOUS 
pue vjoq 10] CA YPO 


SIIOUS 10] ZA 199Y0 
*G N 3 sa3te3]0A 19979 


MO] IN “Y ye 938I]0A 


OI IDO 
947 JO SOPIS u1oq uo 
suonoəuuoo A9PJOS 9I0N 
*Ajoyeredas paoe]d 


-94 aq ew pue əlnpou: 
s31ed əy} UO paje90] S1 ZO 


Sumnaous Aq 389.1 


pO 99% ]d9H 


gO ao ]doy 


gA aoridoy 


ZA 99e]doy 


TMO 908 ]day 


ZO 998]daey 
ZO 298 ]day 
THO 298 ]day 


auoyd 
-peay 9761061 I0 aredoy 


uomoəuuoo aredoy 


NOLLOV 
AJALLDAUUOD 


P9J1OYS +O 


pə14ous gO 


94A1709JƏP CA 


9AIJ99J9P ZA 


P9J1OYS PUO 


9AHIIJOP ZO 


uado ¿Ho 


P9J10YS THO 


9A1I99J9P suoydpvoy 
yoef ao 3n]d auoyd 


-peoy ur UOTW9UUOD 100g 


Asavo 
aTaVdOudd 


(Ajuo TX "os 
preasa oyeosdy 


a]eosdn 


Do 


NOLANAS 


TPU LON 


4-16 


CD V-700-6B 


ENI 


yuoyyruu 
-197}UĮ IO MO] H Jl 93BIJOA 


ysıy H ye oo 


po3tuep aq 
Aew LUO “ZA ‘yu 
-193UT 10 MO] H TR 93BIJOA 


po3tuep oq 


Aew ¿HO ‘ZA "mamm 
-193U1 10 MO] H TR ƏBA 


pa399uu09 

ST 1939U1I]0A uəuA 

95099 Ap suroy3duÁg 
"H ye a3e3]0A 09O 


MO] W * V ye S3BIJOA 


oyeaqıfeasy 


191001 998]d 
-o1 Jo 1redoH 


TO S9e]doy 


LL 99ejd 
-91 Jo ıredoy 


9%O I9P]OS 
-91 Jo 998]d9H 


eqn} 193193 a9e]doy 


aqoid 193193 
9061091 ao aredoy 


speə] ssoiq 


LL 99e]daa 10 aredoy 


89 soe]doy 


99 ao0e]doy 


Aj19doad 
pajsnfpe jou py 
9A1]J09J0P 191914 


uado IO 


9AH99J9P LL 


pıeog 31m9.119 
0} 1061009 Sure uu 
you JO 9A1I99J9P Ou? 


9A1J09J9P 
eqn} 193190 

9A1]99J9p 
aqoid 193190 

Ajddns 19mod 


238]]0A4 yaıy oi 
SUIS Dias 20014 


ƏA199ƏJ9D TL 


TRW ION 


Tewaon OeII 


YOUN 
JO SSI 


zzng 


Jo ¡eonbg ofeasdn 


4-17 


CD V-700-6B 


ENI 


O-d 
N-d 
je 9DUB]SISIA yoyo 


H W 938]]0A 19949 


MO] H 1 938I]0A 


yoyms areday 
89 soe]doy 
TO a9e]doy 
utes 1odoid 
SUIAvY 101919 
-UB 13 YIM 076 1091 


9%O soe ]doy 


GUO aoe]doy 


EHO sor]doy 


193911 0761091 


938]]0A y 31 
s Juswnalsur 7991109 
Jo 3qQN] 193193 908]d9H 


NOILOV 
AJALLDAYUYOI 


OTS uo 1061009 uədo 


9AI193JOP 89 
9A1799J9P TO 

MO] AO 
ysıy 8399 EA 10 ZA 
9AIDIJOP QUO 
BATPOJOP GUD 
9AIOIJOP EU 
DATPOJOP 19,0] 

9:38 ]]0A 

ysıy S,JuaunJ]sul 


YM əjqyedwoə zou 
JO 9A1399J9p əqn1 193190) 


Asavo 
A TAVAOYHA 


(p,Juoo) 
JB UUION 


əuoydpeəH HEN 
NOLANAS 


4-18 


September 25, 


1985 


CPG 4-1, Volume 2, CHG 1 


4-19 


CPG 4-1 Volume 2, CHG 1 September 25, 1985 


CD V-700-6B 
ENI 


RESISTANCE CHART 


Remove batteries before checking resistances. All values +20%. 
Range Switch Resistance 
All except OFF 
X10, X1 
X100, X10 
X1 


Any 


t 
"j 


LS? 


da 
N œ 


FU Q 
Lal 


K A 
J e 
F G 


VOLTAGE CHART 


Voltages negative with respect to point A. Use a 20,000 ohms per 
volt meter. All values 220% except where noted. Connect 3 volts 
d.c. to thecircuitboard as follows: -3V to point E, +3V to point 4. 


* Use a high impedance voltmeter. See Appendix B. 
** These values may vary between .01 and 
.25 volts from instrument to instrument. 


Table 4-2. Test Point Chart 
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Figure 4-3. Location of Test Points 
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Figure 4-5. Location of Components 
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RETROFIT OF ENI CD V-700-6B 


September 25, 1985 
CPG 4-1, Volume 6, CHG 1 
CD V-700M 
ENI 
RETROFIT OF ENI CD V-700-6B 
(CD V-700M) 


The retrofit of the ENI CD V-700 has been designed to accomplish a slight change in function and to 
improve the instrument's overall performance and efficiency. To meet these goals, these modifications 
have been made: 


eAn end window probe (OCD-P-108) containing GM tube type OCD-D-109 has replaced the original GM 
tube and probe. The OCD-D-109 tube is a selected Amperex Model 200LB, which has been modifed by 
placing a 1 pF capacitor in parallel with a 10 ohm resistor mounted in the base housing of the tube. -"' 
tube high-voltage supply of -575 volts was selected to ensure a useful tube life. In some cases, it is 
possible to operate this tube in the 900- to 925-volt range of the standard CD V-700; however, it will limit 
tube life. The OCD-D-109 tube has a window density of between 1.5 and 2.0 mg/cm2. It may or may not 
detect the presence of alpha particles because of the thickness of the dag coating on the window of the 
tube. This coating is necessary to prevent the tube from responding to visible light and/or ultraviolet 
radiation. This tube has a much higher beta-particle detection capability than the thin wall tube it replaces. 
This is particularly true at low beta energies. The overall x-ray and gamma energy (spectral) response of 
this tube is currently unknown. 


*The detector high voltage has been modified to be compatible with the new tube, to be better regulated, 
and to be more efficient to improve battery life. 


*Improving the HV circuit made the addition of a low-voltage converter circuit necessary. 


«The original meter has been replaced with one having a calibration in "counts per minute" only and a 
response that more closely matches the performance of the circuit. 


eA two-cell holder from a Lionel CD V-700-6b has replaced the original four-cell battery. This helps to 
eliminate the poor contact problem and can be accomplished because of improved circuit efficiency, thus 
prolonging battery life. 


*The circuit modifications have been accomplished by modifying the original PC board slightly and by 
adding a small retrofit board. 


Components R12 (2.7M), CR4 (rectifier), CR6 (regulator diodes), and R13 (IK) have been removed from 
the PC board. Refer to your CD V-700-6b (END) schematic for location and the modified schematic 
showing the change. A 100K resistor and an 820K resistor replaced R12, and a 0.01 uP capacitor was 
added to the high-voltage output circuit. 
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